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O B J E C T I V E S We sought to quantify the mortality rates associated with absent and low positive
(CAC 1 to 10) coronary artery calcium (CAC).
B A C KG ROUND There is increasing interest in the absence of CAC as a “negative” cardiovascular
risk factor. However, published event rates for individuals with no CAC vary, likely owing to differences
in baseline risk, follow-up period, and outcome ascertainment. The prognostic signiﬁcance of low CAC
(CAC 1 to 10) is not well described.
METHOD S Annualized all-cause mortality rates were assessed in 44,052 consecutive asymptomatic
patients referred for CAC testing. Mean follow-up of the cohort was 5.6 2.6 years (range 1 to 13 years).
R E S U L T S A total of 19,898 patients (45%) had no CAC on screening electron beam tomography,
whereas 5,388 (12%) had low levels of CAC (CAC 1 to 10), and 18,766 (43%) had CAC 10. There were
104 deaths in those with no CAC (0.52%), 58 deaths in those with CAC 1 to 10 (1.06%), and 739 deaths
in those with CAC 10 (3.96%). Annualized all-cause mortality rates for CAC  0, CAC 1 to 10, and CAC
10 were 0.87, 1.92, and 7.48 deaths/1,000 person-years, respectively. The hazard ratio (HR) for all-cause
mortality among CAC 1 to 10 versus CAC  0 after adjustment for traditional risk factors was 1.99 (95%
conﬁdence interval [CI]: 1.44 to 2.75). Smoking (HR: 3.97, 95% CI: 2.75 to 5.41) and diabetes mellitus (HR:
3.36, 95% CI: 2.09 to 5.41) were associated with few events observed in CAC  0 group.
CONC L U S I O N S In appropriately selected asymptomatic patients, the absence of CAC predicts
excellent survival with 10-year event rates of approximately 1%. A ﬁnding of 0 CAC might be used as a
rationale to emphasize lifestyle therapies rather than pharmacotherapy and to forgo repeated imaging
studies. Individuals with low CAC score (CAC 1 to 10) are at increased risk above individuals with a 0
score and could be considered a distinct risk group by physicians and investigators. (J Am Coll Cardiol
Img 2009;2:692–700) © 2009 by the American College of Cardiology Foundation
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693he presence of calcium in coronary arteries
is pathogenomonic of atherosclerosis, as con-
firmed by histopathology and intravascular
ultrasound studies (1–4). Coronary artery cal-
ium (CAC), detected and quantified with cardiac
omputed tomography, represents a reliable linear
natomic estimate of total plaque burden (5) and is
epresented clinically as a “calcium score.” Nearly all
rospective studies have found moderate-to-high
AC to be an independent and incremental pre-
ictor of future cardiovascular events over conven-
ional risk factors and the Framingham Risk Score
6–15). Therefore current guidelines recommend
easurement of CAC for further risk stratification
f intermediate risk individuals, in whom treatment
ith long-term aspirin and statin therapy is most
ncertain (5,16).
There is increasing interest in the absence of
AC (a calcium score of 0) as a “negative”
ardiovascular risk factor (17,18). Absence of
AC might reliably exclude obstructive coronary
isease in asymptomatic and selected symptomatic
ndividuals and seems to be associated with a low
ardiovascular event rate, suggesting that less ag-
ressive pharmacotherapy might be indicated in this
opulation (19). However, published event rates for
ndividuals with 0 CAC vary, likely owing to
ifferences in baseline risk, follow-up period, as well
s outcome ascertainment and verification (18). The
haracteristics of the few individuals with 0 CAC
ho subsequently develop cardiovascular events
ave not been well-described.
Less is known about the prognosis of a low
ositive CAC score (CAC 1 to 10), because most
tudies are underpowered to report this as a
istinct group. Some studies have reported in-
reased and variable noncalcified soft coronary
laque in patients with low CAC (20). Budoff
t al. (13) recently reported a 2.5-fold increased
isk with CAC 1 to 10 as compared with 0 CAC,
lthough this difference was not statistically
ignificant after adjusting for conventional risk
actors.
To further elucidate the prognosis of absent (0)
nd low positive (CAC 1 to 10) CAC, we studied
large combined cohort of 44,052 asymptomatic
ndividuals referred for screening electron beam
omography (EBT). We sought to describe the
ll-cause mortality rate in individuals with 0 CAC
s well as the all-cause mortality rate in individuals
ith low CAC (CAC 1 to 10) in relation to those
ith no CAC. tE T H O D S
he study cohort consisted of 44,052 consecutive
symptomatic individuals free of known coronary
eart disease (CHD) referred for EBT for the assess-
ent of subclinical atherosclerosis. Patients were de-
ermined to be free of CHD on the basis of patient
istory and prior work-up conducted by the referring
hysician. The dataset for this study represents the
ombination of data from 3 centers, each representing
everal sites geographically dispersed throughout the
.S., for which similar methods have been defined for
ata accumulation. The combined population was
redominantly white and middle-aged.
Study participants were referred by their primary
hysicians on the basis of established cardiovascular
isk factors for atherosclerosis and, as such, do not
epresent a random sample of the general population.
ll screened individuals provided informed consent to
ndergo EBT and for the use of their blinded data for
pidemiologic research. The general study received
pproval from the Human Investigations Committee,
nd separate Committee approval was obtained for
he patient interviews, collection of baseline
nd follow-up data, and corroboration of the
ccurrence of death.
isk factor data collection. All study partic-
pants were given a questionnaire for the
ollection of demographic and clinical
haracteristics as well as baseline cardio-
ascular risk factors. Cigarette smoking
as considered present if a subject was a smoker at
he time of scanning. Dyslipidemia was considered
o be present for any individual reporting a history
f high total cholesterol, high low-density lipopro-
ein cholesterol, low high-density lipoprotein cho-
esterol, and/or high triglycerides or current use of
ipid-lowering therapy. Study subjects were consid-
red to have diabetes if they reported using oral
nti-diabetes medications or insulin. Hypertension
as defined as a self-reported history of high blood
ressure or use of antihypertensive medication.
amily history of CHD was determined by asking
atients whether any member of their immediate
amily (parents or siblings) had a history of fatal or
onfatal myocardial infarction and/or coronary re-
ascularization. Body mass index was calculated for
ndividuals who self-reported a height and weight.
ndividuals with body mass index 30 kg/m2 were
onsidered obese.
BT screening protocol. All subjects underwent EBT






tomogomography scanner (GE-Imatron, South SanR E V I A T I O N S
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694isco, California). With a tomographic slice thickness
f 3 mm, a total of approximately 40 sections were
btained beginning at the level of the carina and
roceeding caudally to the level of the diaphragm.
mages were obtained with a 100-ms/slice scanning
ime, with image acquisition electrocardiographically
riggered at 60% to 80% of the R-R interval.
A calcified lesion was defined as 3 contiguous
ixels with a peak attenuation of at least 130
ounsfield units. Each lesion was then scored with
he method developed by Agatston et al. (21).
ollow-up and mortality ascertainment. Patients were
ollowed for a mean of 5.6  2.6 years (range 1 to
3 years). Follow-up was completed in 100% of the
atients. The primary end point for the study
ohort was mortality from any cause. Ascertainment
f mortality was conducted by individuals blinded
o baseline historical data and EBT results. The
ccurrence of death was verified with the Social
ecurity Death Index.
tatistical methods. The baseline characteristics of
he study population are presented by pre-specified
AC group (0, 1 to 10, 10) and in aggregate for
he entire study population. Age is presented as a
ontinuous measure  SD, and other risk variables
re expressed as proportional frequencies. Age was
ompared across increasing CAC groups with anal-
sis of variance techniques, and proportional fre-
uencies of other risk variables were compared
cross increasing CAC groups with chi-square
nalysis. A p value 0.05 was considered statisti-
ally significant.
Annualized all-cause mortality rates were esti-
ated by dividing the number of deaths by the
umber of person-years at risk. Mortality rates are
rst expressed for each CAC group and then
tratified according to pre-specified age group
45, 45 to 64,65 years) as well as by presence of
ndividual categorical risk factors.






Age (yrs) 54  10 50  10
Sex (male) 54% 52%




Family history of heart attack 37% 35%
p value for trend across coronary artery calcium (CAC) [score] categories.
DM  diabetes mellitus; HTN  hypertension.In addition, survival analysis was conducted with
ndividual subject time-to all-cause mortality data.
urves representing the cumulative probability of
urvival were generated with Kaplan-Meier esti-
ates. To evaluate the effect of CAC group on
ll-cause mortality, hazard ratios (HRs) and 95%
onfidence intervals (CIs) were calculated with the
ox proportional hazards regression model with
AC  0 as the reference group. Three hierar-
hical models were constructed: Model 1: unad-
usted; Model 2: adjusted for age and sex; and
odel 3: adjusted for age, sex, hypertension,
yslipidemia, diabetes mellitus, smoking, and fam-
ly history of CHD.
Finally, the relationship of individual risk factors
ith all-cause mortality was tested by adjusting for
ll risk factors simultaneously in a multivariable Cox
egression model. The risk imparted by these fac-
ors was modeled both in patients with 0 CAC and
n the entire study population.
All statistical analyses were performed with Stata
ersion 8 (STATA Corp., College Station, Texas).
E S U L T S
linical characteristics of study cohort. The final
tudy population consisted of 44,052 asymptomatic
ndividuals free of known cardiovascular disease at
aseline. Average age for the study cohort was 54
0 years, with slightly over one-half being male
54%). A total of 19,898 patients (45%) had no
AC on screening EBT, whereas 5,388 (12%) had
ow levels of CAC (CAC 1 to 10), and 18,766
43%) had CAC 10 (Table 1). Overall, with
ncreasing CAC scores, the population was signif-
cantly more likely to be male and older, with
ncreased prevalence of smoking, hypertension, di-
betes, and dyslipidemia as well as higher likelihood
f family history of heart disease (all p  0.0001).
)
CAC 1 to 10
(n  5,388; 12%)
CAC >10
(n  18,766; 43%) p Value
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695ll-cause mortality rates and CAC. Overall, there were
01 deaths (2.05%) in the total study population
ver a mean follow-up of 5.6  2.6 years (range 1
o 13 years). There were 104 deaths in those with
o CAC (0.52%), 58 deaths in those with CAC 1
o 10 (1.06%), and 739 deaths in those with CAC
10 (3.96%). The annualized mortality rate in-
reased from 0.87 deaths/1,000 person-years (95%
I: 0.72 to 1.05) to 1.89 deaths/1,000 person-years
95% CI: 1.46 to 2.45) and to 7.48/1,000 person-
ears (95% CI: 6.95 to 8.04) for those with CAC
, CAC 1 to 10, and CAC10, respectively (Table
). Cumulative survival for the 3 groups was 99.5%,
8.9%, and 96.1% (Fig. 1). Survival curves accord-
ng to CAC scores in women and men are shown in
igures 2 and 3, respectively.
Table 3 provides unadjusted and multivariable ad-
usted HRs for all-cause mortality in patients with low
AC (CAC 1 to 10) and CAC 10 in relation to
hose with no CAC. In unadjusted analysis, CAC 1 to
0 was associated with greater than two-fold increased
isk of death from any cause (HR: 2.19, 95% CI: 1.57
o 2.99) as compared with those with a CAC score of
. After adjustment for age and sex (Model 2), the
R was slightly attenuated to 2.02 but remained
ighly significant (95% CI: 1.47 to 2.79, p 0.0001).
he increased risk in patients with CAC 1 to 10
ersisted after adjustment for age, sex, hypertension,
moking, diabetes, dyslipidemia, and family history of
HD (Model 3: HR: 1.99, 95% CI: 1.45 to 2.75).
atients with CAC 10 had in excess of an 8-fold
ncreased unadjusted risk of death compared with
ndividuals with a CAC score of 0 (HR: 8.48, 95% CI:
.82 to 10.29); this was attenuated to a 5-fold and
-fold increase in Models 2 and 3, respectively. In
ddition, for comparison purposes the HRs for all-
ause mortality among those with CAC scores of 101
o 400 and 400 as compared with CAC  0 in
odel 3 were 5.56 (95% CI: 4.27 to 7.21) and 9.65
95% CI: 7.46 to 12.5), respectively.
isk factors and all-cause mortality in individuals with
o CAC. Increasing age remained a risk factor for
ll-cause mortality in patients with no CAC. Pa-
Table 2. All-Cause Mortality Rates by CAC Scores in Overall Pop
No. of Patients No. of Events
CAC  0 19,898 (45%) 104 (0.52%)
CAC 1 to 10 5,388 (12%) 58 (1.06%)
CAC 10 18,766 (43%) 739 (3.96%)
Total 44,052 (100%) 901 (2.05%)
CAC  coronary artery calcium; CI  conﬁdence interval.ients age 45 years and 45 to 64 years had a lowortality rate (0.67 and 0.77 deaths/1,000 person-
ears, respectively), whereas patients 65 and older
ere at increased risk of death (2.22 deaths/1,000
erson-years). Presence of hypertension, diabetes,
nd dyslipidemia as well as smoking status also
emained risk factors for all-cause mortality in
atients with no coronary calcium. The highest
ortality rate among individuals with CAC score
f 0 was observed in those with diabetes (3.72
eaths/1,000 person-years vs. 0.81 deaths/1,000
erson-years in those without diabetes) and smok-
rs (3.31 deaths/1,000 person-years vs. 0.67 deaths/
,000 person-years for nonsmokers). Despite no
oronary calcium, study subjects with a family
istory of CHD had a slightly increased all-cause
ortality compared with those without such a
amily history (Table 4).
After adjusting for all risk factors simultaneously
n a multivariable model, age, smoking, diabetes
ellitus, and family history of heart disease re-
ained significant predictors of all-cause mortality
n patients with no CAC. These same 4 risk factors
ere significant predictors of all-cause mortality in
Figure 1. Kaplan-Meier Survival Curve According to CAC Scores
(Total Population)
Kaplan-Meier survival curve according to coronary artery calcium (C
scores (total population) demonstrating a low mortality rate among
with CAC  0 as well as higher event rate with presence of low to
tion






































































as well as h
J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 2 , N O . 6 , 2 0 0 9
J U N E 2 0 0 9 : 6 9 2 – 7 0 0
Blaha et al.
Absence of CAC and Mortality
696he overall cohort, with similar point estimates of
isk. Smoking (HR: 3.97, 95% CI: 2.75 to 5.41)
nd diabetes mellitus (HR: 3.36, 95% CI: 2.09 to
.41) in particular were associated with the highest
ncreases in risk (Table 5).
I S C U S S I O N
n this combined cohort of 44,052 asymptomatic
iddle-age patients free of known coronary artery
isease, a CAC score of 0 was associated with
xcellent survival, with all-cause mortality rates of
.87/1,000 person-years (1% 10-year risk or
0.1%/year). Conventional cardiovascular risk fac-
ors, particularly smoking and diabetes mellitus, are
aplan-Meier Survival Curve According to CAC Scores (Women)
ier survival curve according to coronary artery calcium (CAC)
men) demonstrating a low mortality rate among those with
s well as higher event rate with presence of low to high CAC
aplan-Meier Survival Curve According to CAC Scores (Men)
ier survival curve according to coronary artery calcium (CAC)
n) demonstrating a low mortality rate among those with CAC  0“
igher event rate with presence of low to high CAC scores.ssociated with a higher relative risk of mortality in
atients with no CAC, although absolute event
ates remain low. Individuals with low CAC scores
CAC 1 to 10) had a nearly 2-fold increased
ortality compared with those with no CAC de-
pite risk factor adjustment, suggesting that patients
ith low CAC represent a distinct risk group.
owever, mortality rates in individuals with low
AC scores remained low (5% 10-year risk,
0.5%/year), and this group remained a low overall
isk with traditional Framingham risk stratification.
This cohort represents the largest follow-up
ataset yet studied for the occurrence of all-cause
eath after CAC scanning. The size of this study
opulation, with over 25,000 patients with CAC
cores between 0 and 10 and over 900 all-cause
eaths, lends considerable statistical power to the
valuation of the long-term prognosis of both 0
AC and the smaller low-CAC group. The end
oint, all-cause mortality, frees this investigation of
he bias imparted by the ascertainment and verifi-
ation of cardiovascular events (22,23).
mplications for no CAC. The very low mortality
ates observed for individuals without CAC in
his study are similar to event rates observed in
ther studies of middle-aged asymptomatic pa-
ients. Arad et al. (11) reported an event rate
quivalent to 1/1,000 person-years, Taylor et al.
12) demonstrated an event rate equivalent to
.6/1,000 person-years, whereas Raggi et al. (8)
emonstrated an event rate equivalent to 1.1
vents/1,000 person-years. Shaw et al. (24) ob-
erved 39 events during a mean follow-up of 5
ears in a large series of 5,067 patients with no
AC, equivalent to a crude annualized event rate
f 1.5 events/1,000 person-years.
LaMonte et al. (25) observed 15 events during a
ean follow-up of 3.5 years among 2,692 individ-
als with no CAC, equivalent to 1.6 events/1,000
erson-years. Recently Detrano et al. (14), publish-
ng from the MESA (Multiethnic Study of Ath-
rosclerosis) cohort, reported 8 major cardiac events
ver 3.7 years among 3,409 patients without CAC,
quivalent to an event rate of 0.6/1,000 person-
ears. In 1 of the largest studies previously pub-
ished, Budoff et al. (13) reported a cumulative
2-year survival of 99.4% amongst 11,046 patients
ith no CAC, resulting in an event rate of approx-
mately 0.6/1,000 person-years.
The present study adds to the growing published
ata supporting no CAC as an important “negative
isk factor” for major cardiovascular outcomes inFigure 2. K
Kaplan-Me
scores (wo
CAC  0 aFigure 3. K
Kaplan-Me
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697ion to a very low overall event rate in middle-aged
atients, CAC score of 0 has been shown to
iscriminate lower risk groups in the elderly (15).
Individuals with no CAC are also extremely
nlikely to have obstructive coronary disease. In a
ooled analysis of 10,355 symptomatic patients who
nderwent coronary angiography (1,941 with no
AC), the presence of any CAC had a sensitivity of
8% and a negative predictive value of 93% for
etection of clinically significant coronary stenosis
19). These data are consistent with direct patho-
ogic comparisons (26).
No CAC is also associated with a very low risk of
ardiac ischemia. In 9 studies examining 4,870
atients referred for perfusion stress testing (1,225
ith no CAC), just 6% had evidence of ischemia
19). Finally, in 3 studies totaling 431 patients
resenting to the emergency room with chest pain,
egative cardiac biomarkers, and equivocal electro-
ardiography findings (183 with no CAC), a CAC
core of 0 had a 99% predictive value for ruling out
cute coronary syndrome (19).
However, attention must be paid to the under-
ying risk of a population when considering the
alue of a CAC score of 0; the few studies that
eported higher event rates in patients with no
AC considered higher-risk sub-groups. For ex-
mple, Schenker et al. (27) reported a 16% inci-
ence of inducible ischemia in patients with no
AC undergoing positron emission tomography/
omputed tomography. All patients in this study
ere symptomatic, including 34% with either dys-
nea or classic exertional angina. Recently, Henne-
an et al. (28) noted a 70% prevalence of obstruc-
ive coronary disease as seen by computed
omography angiography in patients without CAC
resenting to the emergency room with high sus-
icion of acute coronary syndrome. In accordance
ith Bayes theorem and current clinical guidelines,
he value of a CAC score of 0 as a “negative risk
actor” lies in the intermediate-risk primary preven-
ion population rather than high-risk populations.
In the appropriately selected non–high-risk pa-
ient, the absence of CAC could potentially be used
s a rationale to emphasize lifestyle therapy, scale
ack on costly preventive pharmacotherapy, and
efrain from frequent cardiac imaging and testing.
iven the low 1% 10-year risk in this population, a
rug that produces a 30% relative risk reduction
ould have to be given to over 300 patients for 10
ears to prevent 1 death (number needed to treat,
pproximately 333 for 10 years). In addition, recent
ata suggest that repeat CAC imaging could beelayed in this population for perhaps 5 years.
opal et al. (29) showed that in 710 physician-
eferred patients with no CAC at baseline, less than
ne-half developed CAC, whereas just 4% devel-
ped CAC scores 50 at 5 years’ follow-up. In the
ESA cohort, only 16% of individuals with no
AC developed some degree of CAC at median
ollow-up of 41 months (30).
However, it is important to keep in mind that
ven in the absence of CAC, relatively more events
ccur among those with higher risk especially in
iabetic patients and smokers, who are at increased
isk for in-situ thrombosis and coronary vasospasm
hat can be independent of coronary atherosclerosis.
his scenario is analogous to the elevation of
ardiac enzymes in the face of a “clean” coronary
Table 3. All-Cause Mortality (HR, 95% CI) for All-Cause Mortalit
(CAC 1 to 10) and CAC >10 Compared With CAC  0
CAC  0 CAC 1 to 10
Model 1 1 (ref) 2.19 (1.57–2.99)
Model 2 1 (ref) 2.02 (1.47–2.79)
Model 3 1 (ref) 1.99 (1.45–2.75)
Model 1: unadjusted; Model 2: age-, sex-adjusted; Model 3: age-, sex-, hyperten
mellitus–, hyperlipidemia-, and family history of coronary heart disease–adjuste
CAC  coronary artery calcium; CI  conﬁdence interval; HR  hazard ratio.
Table 4. All-Cause Mortality Rates by Absence and Presence of
Among Those With CAC  0
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698ngiogram. However, apart from this reason, an-
ther potential mechanism could be that those with
isk factors such as diabetes and smoking even in
he presence of CAC are more likely to develop
ncident CAC during follow-up, as shown by Kron-
al et al. (30), and thus might explain the increased
isk of outcomes in longer-term follow-up. Further
tudies assessing whether this increased risk of
evelopment of new CAC in these low-risk indi-
iduals will further shed light on the higher risk
een with risk factors such as diabetes mellitus and
moking even in the absence of CAC at baseline.
The present study is the first to describe risk
actors for the few events that occur in patients with
o CAC. Contrary to a prior report (31), diabetes
nd smoking are associated with the limited mor-
ality observed in individuals with no CAC. This
ight be due to mechanisms separate from the
enesis of atherosclerotic plaque, including im-
aired endothelial function, prothrombotic state,
nd increased vasospasm. Although absolute mor-
ality rates remain low (3 to 4 deaths/1,000 person-
ears, equivalent to 3% to 4% 10-year risk), risk in
hese patients warrants further study, and these
atients should continue close follow-up and phar-
acotherapy according to present guidelines.
mplications for low CAC score (CAC 1 to 10). To our
nowledge, this is the first study to confirm a robust
ncreased risk in patients with low positive CAC.
udoff et al. (13) recently reported an unadjusted
elative risk of 2.5 with CAC 1 to 10, although this
ifference was not statistically significant after ad-
usting for cardiovascular risk factors.
Recent computed tomography angiography data
uggest a mechanism for the observed increased
isk. Cheng et al. (20) scanned 554 low- to
ntermediate-risk outpatients and expressed the
revalence of noncalcified coronary artery plaque






1.67 (1.46–1.90) 1.63 (1.38–1.93)
1.15 (0.84–1.57) 0.91 (0.62–1.33)
1.32 (0.91–1.89) 1.04 (0.64–1.68)
3.97 (2.75–5.41) 3.63 (2.28–5.75)
3.36 (2.09–5.41) 2.51 (1.24–5.05)
0.95 (0.66–1.37) 1.24 (0.78–1.96)
1.57 (1.11–2.20) 1.53 (1.00–2.34)
the multivariate Cox regression models simultaneously.
3.NCAP) as a function of CAC. Compared with datients with no CAC, individuals with low CAC
CAC 1 to 10) had marked increased rate of NCAP
65% vs. 7%), including NCAP causing 50%
uminal obstruction (9% vs. 1%). The authors hy-
othesize a threshold effect, consistent with prior
istopathology data, whereby a significant burden
f NCAP might need to be present before intimal
ydroxyapatite accumulates.
Clinicians and future investigators should, on the
asis of the results of the present study, refrain from
erging no CAC and low CAC into a single group.
or some patients, including younger individuals
nd women, a low absolute CAC score might
ndeed represent a high percentile. Dedicated stud-
es, stratified by age and sex, are needed to better
efine the risk in patients with low CAC.
tudy limitations. There are a few limitations to this
tudy. First, all patients were referred for CAC
creening and therefore do not represent a random
ample of the population. In general, patients re-
erred for CAC scans might be at higher risk
ompared with age-matched patients from the
eneral population. If this were the case in the
resent study, the finding of excellent survival
mongst patients with no CAC could be considered
ven more striking. Comparison with published
ata reveals that our observed CAC frequency and
istribution is similar to that seen in 2 large
opulation-based epidemiologic studies—MESA
nd CARDIA (Coronary Artery Risk Develop-
ent in Young Adults) (32).
A second potential weakness is the self-reporting
f risk factors. Data gathered by self report is
imited by patient recall and thus subject to recall
ias. However, patient reporting of hypertension
as been validated as an acceptable way to assess
isk factor data (33). Although the lack of a con-
inuous risk variable might decrease the precision of
oint estimates of risk, the use of categorical risk
actor data has been validated as an approach to
linical risk stratification (34).
Our models do not include the cause of death,
nd as such, our models might be based on mortal-
ty unrelated to atherosclerotic disease. However,
ll-cause mortality is an appropriate end point to
ollow, because when one accounts for both cardiac
nd systemic forms of the disease, nearly three-
ourths of all deaths have been related to athero-
clerosis (23). Furthermore, this end point is unaf-
ected by the reporting and misclassification bias
otentially introduced by a physician’s filing of aTable 5. Relationship
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699Finally, more detailed conclusions in our study
re not possible due to the lack of cardiovascular-
pecific mortality data. Although CHD remains the
ost common killer in industrialized countries, it is
ot possible to ascertain the proportion of deaths
hat are cardiovascular in origin. Although CAC is
resumed to influence mortality mainly via cardio-
ascular mechanisms, other risk factors such as
moking and diabetes contribute to all-cause mor-
ality via additional noncardiovascular mechanisms
i.e., lung disease and kidney dysfunction). There-
ore it is not possible in this study to conclude that
moking and diabetes cause excess cardiovascular
eaths in the no CAC population.
O N C L U S I O N S
e conclude that, in appropriately selected asymp-
omatic patients, absence of CAC predicts excellentology. Circulation 2006;114:1761–91.
Francis Heart Stud
diol 2005;46:158–6% (0.1%/year). On the basis of this finding, in
onjunction with published reports supporting in-
remental improved risk assessment when CAC is
dded to conventional risk factors, a finding of no
AC might allow shifting of these patients into
ower risk groups. As such, physicians might con-
ider emphasizing appropriate lifestyle therapy, us-
ng less pharmacotherapy, and ordering less costly
ardiac imaging studies in these patients. Patients
ho smoke and have diabetes, however, should be
reated according to existing guidelines. Individuals
ith low positive CAC (CAC 1 to 10) are at
ncreased risk compared with those with a CAC
core of 0 and should be considered a distinct albeit
ow-risk group by physicians and investigators.
eprint requests and correspondence: Dr. Khurram Nasir,




1E F E R E N C E S
1. Rifkin RD, Parisi AF, Folland E.
Coronary calcification in the diagnosis
of coronary artery disease. Am J Car-
diol 1979;44:141–7.
2. Rumberger JA, Simons DB, Fitz-
patrick LA, et al. Coronary artery
calcium areas by electron beam com-
puted tomography and coronary ath-
erosclerotic plaque area: a histopatho-
logic correlative study. Circulation
1995;92:2157–62.
3. Baumgart D, Schmermund A, George
G, et al. Comparison of electron beam
computed tomography with intra-
coronary ultrasound and coronary an-
giography for detection of coronary
atherosclerosis. J Am Coll Cardiol
1997;30:57–64.
4. Sangiorgi G, Rumberger JA, Severson
A, et al. Arterial calcification and not
lumen stenosis is highly correlated
with atherosclerotic plaque burden in
humans: a histologic study of 723
coronary artery segments using non-
decalcifying methodology. J Am Coll
Cardiol 1998;31:126–33.
5. Budoff MJ, Achenbach S, Blumenthal
RS, et al. Assessment of coronary
artery disease by cardiac computed
tomography: a scientific statement
from the American Heart Association
Committee on Cardiovascular Imag-
ing and Intervention, Council on Car-
diovascular Radiology and Interven-
tion, and Committee on Cardiac
Imaging, Council on Clinical Cardi-6. O’Malley PG, Taylor AJ, Jackson JL,
Doherty TM, Detrano RC. Prognos-
tic value of coronary electron-beam
computed tomography for coronary
heart disease events in asymptomatic
populations. Am J Cardiol 2000;85:
945–8.
7. Wong ND, Hsu JC, Detrano RC,
Diamond G, Eisenberg H, Gardin
JM. Coronary artery calcium evalua-
tion by electron beam computed to-
mography and its relationship to new
cardiovascular events. Am J Cardiol
2000;86:495–8.
8. Raggi P, Cooil B, Callister TQ. Use
of electron beam tomography data to
develop models for prediction of hard
coronary events. Am Heart J 2001;
141:375–82.
9. Kondos GT, Hoff JA, Sevrukov, et al.
Electron beat tomography coronary
artery calcium and cardiac events: a
37-month follow-up of 5635 initially
asymptomatic low- to intermediate-
risk adults. Circulation 2003;107:
2571–6.
10. Greenland P, LaBree L, Azen SP,
Doherty TM, Detrano RC. Coronary
artery calcium score combined with
Framingham score for risk prediction
in asymptomatic individuals (erratum
JAMA 2004;291:563). JAMA 2004;
291:201–5.
11. Arad Y, Goodman K, Roth M, New-
stein D, Guerci AD. Coronary calci-
fication, coronary disease risk factors,
C-reactive protein, and atherosclerotic
cardiovascular disease events: the St.y. J Am Coll Car-
5.2. Taylor AJ, Bindeman J, Feueustein I,
Cao F, Brazaitis M, O’Malley PG.
Coronary calcium independently pre-
dicts incident premature coronary
heart disease over measured cardiovas-
cular risk factors: mean three-year
outcomes in the Prospective Army
Coronary Calcium (PACC) project.
J Am Coll Cardiol 2005;46:807–14.
3. Budoff MJ, Shaw LJ, Liu ST, et al.
Long-term prognosis associated with
coronary calcification. J Am Coll Car-
diol 2007;49:1860–70.
4. Detrano R, Guerci AD, Carr J, et al.
Coronary calcium as a predictor of coro-
nary events in four racial or ethnic groups.
N Engl J Med 2008;358:1336–45.
5. Raggi P, Gongora MC, Gopal A, Cal-
lister TQ, Budoff MJ, Shaw LJ. Coro-
nary artery calcium to predict all-cause
mortality in elderly men and women.
J Am Coll Cardiol 2008;52:17–23.
6. Greenland P, Bonow RO, Brundage
BH, et al. ACCF/AHA 2007 clinical
expert consensus document on coronary
artery calcium scoring by computed to-
mography in global cardiovascular risk
assessment and in evaluation of patients
with chest pain: a report of the Ameri-
can College of Cardiology Foundation
Clinical Expert Consensus Task Force
(ACCF/AHA Writing Committee to
Update the 2000 Expert Consensus
Document on Electron Beam Com-
puted Tomography) developed in col-
laboration with the Society of Athero-
sclerosis Imaging and Prevention and
the Society of Cardiovascular Com-















J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 2 , N O . 6 , 2 0 0 9
J U N E 2 0 0 9 : 6 9 2 – 7 0 0
Blaha et al.
Absence of CAC and Mortality
7007. Shareghi S, Ahmandi N, Young E,
Gopal A, Liu ST, Budoff MJ. Prog-
nostic significance of zero coronary
calcium scores on cardiac computed
tomography. J Cardiovasc Comput
Tomography 2007;1:155–9.
8. Greenland P and Bonow RO. How
low-risk is a coronary calcium score of
0? The importance of conditional
probability. Circulation 2008;117:
1627–9.
9. Sarwar A, Shaw LJ, Shapiro MD, et
al. Diagnostic and prognostic value of
absence of coronary artery calcifica-
tion. J Am Coll Cardiol Img 2009;2:
675–88.
0. Cheng VY, Lepor NE, Madymoon
H, Eshaghian S, Naraghi AL, Shah
PK. Presence and severity of noncal-
cified coronary plaque on 64-slice
computed tomographic coronary an-
giography in patients with zero and
low coronary artery calcium. Am J
Cardiol 2007;99:1183–6.
1. Agatston AS, Janowitz WR, Hildner
FJ, Zusmer NR, Viamonte M Jr.,
Detrano R. Quantification of coronary
artery calcium using ultrafast com-
puted tomography. J Am Coll Cardiol
1990;15:827–32.
2. Lauer MS, Blackstone EH, Young JB,
Topol EJ. Cause of death in clinical
research: time for a reassessment?
J Am Coll Cardiol 1999;34:618–20.
3. Lloyd-Jones DM, Larson MG, Beiser
A, Levy D. Lifetime risk of develop-
ing coronary disease. Lancet 1999;
353:89–92.24. Shaw LJ, Raggi P, Schisterman E,
Berman DS, Callister TQ. Prognostic
value of cardiac risk factors and coronary
artery calcium screening for all-
cause mortality. Radiology 2003;228:
826–33.
25. LaMonte MJ, Fitzgerald SJ, Church
TS, et al. Coronary artery calcium
score and coronary heart disease
events in a large cohort of asymptom-
atic men and women. Am J Epidemiol
2005;162:421–9.
26. Simons DB, Schwartz RS, Edwards
WD, Sheedy PF, Breen JF, Rum-
berger JA. Noninvasive definition of
anatomic coronary artery disease by
ultrafast computed tomographic scan-
ning: a quantitative pathologic com-
parison study. J Am Coll Cardiol
1992;20:1118–26.
27. Schenker MP, Dorbala S, Hong
ECT, et al. Relationship between cor-
onary calcification, myocardial isch-
emia, and outcomes in patients with
intermediate likelihood of coronary
artery disease: a combined positron
emission tomography/computed to-
mography study. Circulation 2008:
117:1693–700.
28. Henneman MM, Schuijf JD, Pund-
ziute G, et al. Noninvasive evaluation
with multislice computed tomography
in suspected acute coronary syndrome:
plaque morphology on multislice
computed tomography versus coro-
nary calcium score. J Am Coll Cardiol
2008;52:216–22.
29. Gopal A, Nasir K, Liu ST, Flores FR,
Chen L, Budoff MJ. Coronary calcium
progression rates with a zero initial score tby electron beam tomography. Int
J Cardiol 2007;117:227–31.
0. Kronmal RA, McClelland RL, De-
trano R, et al. Risk factors for the
progression of coronary artery calcifi-
cation in asymptomatic subjects: re-
sults from the Multi-Ethnic Study of
Atherosclerosis (MESA). Circulation
2007;115:2722–30.
1. Raggi P, Shaw LJ, Berman DS, Cal-
lister TQ. Prognostic value of coro-
nary artery calcium screening in sub-
jects with and without diabetes. J Am
Coll Cardiol 2004;43:1663–9.
2. Carr JJ, Nelson JC, Wong ND, et al.
Calcified coronary artery plaque mea-
surement with cardiac CT in
population-based studies: standard-
ized protocol of the Multi-Ethnic
Study of Atherosclerosis (MESA) and
Coronary Artery Risk Development in
Young Adults (CARDIA) study. Ra-
diology 2005;234:35–43.
3. Blair SN, Goodyear NN, Gibbons
LW, et al. Physical fitness and inci-
dence of hypertension in healthy nor-
motensive men and women. JAMA
1984;252:487–90.
4. Wilson NK, D’Agostino RB, Levy D,
Belanger AM. Silbershatz H, Kannel
WB. Prediction of coronary heart dis-
ease using risk factor categories. Cir-
culation 1998;97:1837–47.
ey Words: coronary artery
alcium y electron beam
omography y mortality risk.
